INTRODUCTION
To increase visibility and continuity of seismic events in dim zones, amplitude corrections are often applied using a sliding window gain that typically varies in space and time. However, what has been gained in the relative visibility and continuity of seismic events is often offset by a loss in relative amplitude information. A common feature of such scaled data is that it appears "over gained" with the result that much of the intrinsic seismic character of the data is lost. This paper describes a new method of amplitude scaling that reduces the degree of such distortion, i.e. preserves the character of seismic events whilst still retaining the improvements in their visibility and continuity after scaling. The key step in this new process is the introduction of frequency dependence into the computation and application of the amplitude gain factors. The process is illustrated by an example from the Central Graben in the North Sea.
METHOD
It is often assumed that, on average, the amplitudes in seismic data decay exponentially with frequency, leading to a frequency-constant Q model (Futterman, 1962) . Constant Q corrections are widely used in processing, often with a single Q value or a slowly spatially varying Q function for the entire survey. However, applying such Q amplitude corrections can often over-scale the data, particularly at depth (Hargreaves and Calvert, 1991) . Consequently, it is common practice to apply a phase-only Q correction as part of a controlledamplitude, controlled-phase (CACP) processing sequence (Trantham, 1994) . In contrast, here we wish to use the frequency-constant Q model for amplitude corrections. Neglecting phase variations we can write
This describes the amplitude loss from a plane wave propagating through a constant velocity anelastic medium, where A 0 (f) is the amplitude at time t 0 and A 1 (f) is the amplitude at a later time t 1 . This is usually a reasonable model in practice, or at least as good a model as can be justified given the relatively limited bandwidth of seismic data. A consequence of equation [1] is that logarithms of amplitude ratios vary linearly as a function of frequency.
Assuming a frequency constant Q model, the total local attenuation, 1/Q local , can be represented as
where 1/Q background is the general background attenuation and 1/Q residual is the local residual attenuation. The residual attenuation is the difference between the total local attenuation variations and the slowly varying background attenuation. Figure 1a shows schematically the total local and background logarithmic amplitude variations as a function of frequency. The residual attenuation can be described as the difference in the gradients of the two lines in Figure 1a . If the residual amplitude variations in data are measured at different frequencies, then Q residual can be estimated as indicated in Figure 1b using a straight line fit to the data. From this estimate, frequency dependent scalars can be computed and applied to the data. This is referred to as Q-guided amplitude correction, as shorthand for the process of fitting and modelling data-derived scalars by frequency-constant residual Q.
SUMMARY
This paper presents a novel way of treating seismic reflection amplitudes for transmission effects due to the overburden. The process has benefits for structural interpretation due to the improved visibility of events.
Further processing of the data also benefits from a reduction in overburden-induced amplitude changes that can otherwise cause processing artefacts such as migration smiles.
A wavelet transform decomposition of the data is used to derive local frequency, space and time varying gain factors from windows of seismic data. These are then constrained using a frequency-constant residual Q model in order to stabilise them against noise or other sources of estimation error. The resulting gain factors are applied to each wavelet voice and the data is reconstructed by an inverse wavelet transform. This is referred to as a Qguided amplitude correction, as shorthand for the process of constraining the data-derived scalars by frequencyconstant residual Q.
A by-product of the process is that local estimates of relative Q are generated at the density of the original data volume, and can help with the overall interpretation of the data. Furthermore, once local amplitude variations have been removed, a coarsely sampled estimate of the background Q model can be used to compensate for any slowly varying amplitude and phase changes that exist throughout the survey area.
Key words: processing, attenuation, Q-correction The wavelet transform is used to represent data in the frequency domain (see for example, Miao and Cheadle, 1998). The data then effectively consist of a series of overlapping band passed filtered images of the input data, referred to as voices. The wavelet transform has the advantage of retaining some localisation of events in space and time and, like the Fourier transform, it is reversible so that we can reconstitute the data from a set of corrected wavelet voices after applying the amplitude correction.
A flow diagram representing the analysis and application of Q-guided wavelet-domain amplitude correction is shown in Figure 2 . The forward wavelet transform of the input data set is computed. For each voice, the local amplitude variation, relative to a slowly varying background trend, is estimated. The variation of the local amplitudes relative to the background is then modelled in terms of a local residual Q value by using a linear logarithmic fit across the voices. Amplitude correction scalars are then computed for each voice from the estimated residual Q function and applied to the data. Finally, the data are reconstructed by an inverse wavelet transform. If the frequency-constant Q model is a reasonable assumption, then the gradient of the residual amplitude fit can be interpreted as a local residual Q attribute.
The corrections applied in this approach are for the effect of local relative Q variations as opposed to a standard inverse Q amplitude treatment, which would correct for the whole of the local Q value. The application of only a relative amplitude correction, together with the constraint to a frequencyconstant Q model, stabilises the approach in the presence of noise and estimation error.
DATA EXAMPLE
This approach is illustrated in Figure 3 . At the top of Figure 3 we show a stack from the Central Graben of the North Sea after Kirchhoff pre stack time-migration. The Base Cretaceous unconformity (BCU) sits at approximately 3.5s in the section, dipping down to 4s on the right of the section and below which there are a series of fault blocks. In the central part of the section, below the BCU, the seismic amplitudes are significantly dimmer and the visibility of the faulting on the seismic is diminished. The central section shows the same data after the application of Q-guided wavelet domain amplitude correction. The amplitudes in the dim zone have been corrected relative to the rest of the section without detrimental effect to the background amplitude variation. The bottom of Figure 3 shows the residual Q attribute. This is corendered with the difference between the corrected and uncorrected data. As expected the regions of largest difference correlate with the largest residual Q variations.
CONCLUSIONS
The Q-guided wavelet-domain amplitude correction method is based on the frequency-constant Q model and provides an approximate way of describing frequency dependent amplitude variations in real data. As a by-product it produces an attribute that can be interpreted in terms of residual Q variations.
It is interesting that a linear logarithmic fit to the gain factors appears to give acceptable results despite the wide range of physical effects that could cause amplitude variations. For example, near surface effects, the focusing/defocusing at curved interfaces, transmission losses, scattering from rough interfaces and source variability can all impact on seismic amplitudes. However, a linear logarithmic fit versus frequency often seems to be a reasonable description of the observed amplitudes, so that the fitting can stabilise the amplitude correction regardless of the exact physical mechanism.
If it is assumed that the process is genuinely removing distortions due to Q, focusing, near-surface effects, etc, then it could be said to be beneficial for processes such as AVO or inversion that assume seismic amplitudes are reflection amplitudes. Even if the process distorts reflection amplitudes in some way, it is still likely to do less damage than a simple AGC and, importantly, does not lead to the type of noise amplification problems that can accompany a full inverse Q amplitude correction. 
